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MICROORGANISM PRODUCTION OF OMEGA- 3 (N-3) LIPIDS 



Field of the Invention 

This invention relates to fatty acid production from 
5 microorganisms. In particular, this invention relates to the 
use of obligately or facultatively marine eukaryotic 
microorganisms grown heterotrophically and the production of a 
group of highly polyunsaturated fatty acids known as Omega-3 
or n*3 fatty acids. 

1 0 Background Information 

The biosynthesis of fats and oils by microbes such as 
yeasts, bacteria, molds, and algae is well established, and 
inventors have devised ways of optimizing the growth 
conditions for this biosynthesis. For example, yeasts or 

15. molds in mixed culture with bacteria and grown on mixtures of 
carbohydrates or hydrocarbons under aerobic fermentation 
conditions were found to produce numerous amino acids plus, in 
some cases, unspecified oil and fat. (U.S. Pat. No. 
3,793,153). The disclosure of this reference and all others 

20 cited herein are hereby incorporated by reference. Yeasts 
such as Candida and Rhodotorula also produce single-cell 
protein and undifferentiated lipid from vegetable 
carbohydrates including starch (U.S. Pat. No. 4,230,806). 
Under aerobic conditions Candida tro oicalis produces 

25 unsaturated dicarboxylic acids having 14 to 22 carbon atoms 
• from unsaturated fatty acids or their esters (U.S. Pat. No. 
4,474 ,882). Numerous yeasts - dramatically increase their 
production of 1, 3-disaturated~2-unsaturated triglycerides, a 
predominant component of cacao butter, under high oxygen 

30 '• • fermentation conditions ina growth medium containing one or 

more fatty acids having- between 10 and 20 carbon atoms. (U.S. 
Pat. No. 4,485,173). Rhodococc us rhodochrous (formerly 
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appear to be an essential nutrient. Although an earlier 
fermentation process of the prokaryotic Streptomyces organisms 
CO S. Pat. No. 3,127,315) produced a hypocholesterolemic agent 
referred to as M-850, it is clear from the extraction 
procedures used that this agent is not related to the Omega-3 
fatty acids or their action. 

The focus of medical research on the fatty acids has been 
principally on two of the Omega-3 fatty acids, 
eicosapentaenoic acid (EPA: a 20-carbon fatty acid having 5 
^saturations) and docosahexaenoic acid (DBA: a.22-carbon 
fatty acid, having 6 unsatu rat ions) , although others of this 
class may prove to be important. It is widely recognized that 
the principal dietary sources of these chemical moieties for 
fish are photosynthetlc algae and microalgae. The use of the 
marine microalga, ChOorella minutissima, to produce Omega-3 
fatty acids photoautotrophically has been the subject of 
recent patents (U.S. Pat. No. 4,615,839 and Jap. Pat. Disci. 
No Sho-61-63624). A process for preparation of 
eicosapentaenoic acid from linolenic acid using enzymes from 
microalgae arid ma.croaigae also has been described (Jap. Pat. 
Disci. No. Shor 61-31092) . 

in contrast, no method has been described heretofore to 
produce Omega-3 fatty acids from microbes that are grown 
Lterotrophically, using as a nutrient a sugar, carbohydrate, 
or other source of "pre-f ormed" carbon. Although a process 
for cultivating the freshwater microalga Chlorella 
mixotrophically on. lower fatty acids to aid in disposing of 
organic wastes (U.S. Pat.. No. 3,444,647) was developed, no- 
product, description is provided, and this species does not 
produce Omega-3 fatty acids. 

Summary of Invention 

This invention comprises use of certain heterotrophic and 
autotrophic eukaryotes grown heterotrophically to produce 
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or one containing, natural or artificial seawater, will produce 
Omega-3 fatty acids, including but not limited to EPA and DBA, 
as a significant percentage of total lipid. Furthermore, the 
use of such microorganisms yields a lipid fraction that is 
useful as a nutritional supplement; as a food additive in 
margarines, cooking oils, salad dressings, baked products, 
infant nutritional formulae and adult enteral nutritional 
formulae; as a skin care product or cosmetic; as a drug or 
pharmaceutical; as a component of an intravenous, parenteral^ 
administered, fluid; and as an animal or aquaculture feed or 
feed additive. The high levels of Omega-3 fatty acids 
produced by these marine eukaryotes grown heterotrophically 
are unique; Prokaryotic microorganisms generally do not 
produce these fatty acids. Although photosynthetic, 
autotrophic eukaryotes do synthesize the Omega-3 fatty acids, 
the rates of growth of these organisms and their production of 
the fatty acids under photosynthetic growth conditions are 
significantly less than when heterotrophic eukaryotes are 
cultivated heterotrophically. Specific heterotrophs 
appropriate, for use in this invention include, but are not 
limited to, the thraustochytrids, Thranstochytrium' roseum and 
T. aureum ; the phycomycetes fungi, Pythium sp . and 
^hw.achvtrium acqrecatum ; the diatom, Nitzschia sp . ; and the 
dinoflagellate., ^yr^cndinium cohni. These species are 
maintained in the American Type Culture Collection and the 
algae culture collection of the University of Texas at Austin, 

The omega-3. fatty acids appear to be produced only by 
marine microorganisms or by halophilic or halo-tolerant 
species. Thus, in the preferred embodiment, either seawater, 
• an artificial seawater, or. other saline solution is used as 
the solvent in the culture medium. The complete medium is 
referred to as a saline culture medium. . The carbon, source in 
this saline culture medium may be a relatively simple 
carbohydrate source, for example, glucose, sucrose, mannose 
35 or. molasses, or, if slower cultivation is permitted, vegetable 
fibers such as grasses or bagasse." 
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Example 2 

The procedures followed in Example 1 are used, except 
that the saline culture medium is composed of. 1 to 5 g 
glucose, 1 g yeast extract, and 1 g peptone in 1 liter of 
5 seawater. The pH is adjusted to between 7 and 7.5. 

Example 3 

The procedures followed in Example 1 are utilized, except 
that an artificial seawater base is prepared for this saline 
culture medium. This consists of 2.5 g NaCi, 0.5 g MgS0 4 . 
7H2 0, 0.1 g KC1, 0.01 g KH 2 P0 4 , 0.02 g CaC0 3 and sufficient 
hJo 4 to dissolve the above compounds. To this solution, 
( NHa ) 5 S0 4 is added in the amount of 0.02 g, along with 0.2 
with 0.2 g NaH-glutamate, 0.1 g Agar, 1.0 ug Thiamine-Hd , 01 
ug cyanocobalamin, 5.0 mg Na 2 EDTA, and the trace metals 0.05 
mg FeSO 4 .7 ff2 0, 0,02 mg ZnSO 4 .7H 2 0, 0.01 mg MnSO 4 ,H 2 0, 2.0 ug 
CoSO 4 .7H 2 0, 0.2 ug CuSO 4 .5H 2 0, 2.0 ug H3BO3, 2,0 ug NaMoO 4 .H 2 0 
with sufficient distilled water to yield 100 ml of solution. 
To this is added 0.1 to 0.5 g glucose or other sugar, 0.01 g 
NaflCOj, and the pH is adjusted to between 7 and 7.5. 
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Example 4 



The media and procedures employed in any of the above 
examples are used except that the cultures are exposed to 
light of moderate intensity. Heterotrophic growth of certain 
marine, eukaryot.es, such as the thraustochytrids , is enhanced 
25 under such conditions. 
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The media and " procedures employed in any of the above 
examples are used except that additional limited quantities of 
available N and P (such as 0.085 g NaN0 3 and 0.012 g NaH 2 P0 4 ) 
are added to the saline culture medium. Heterotrophic growth 
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What is claimed is: 

T a. process of using heterotrophically grown obligately or 
facultatively marine eukaryotic microorganisms as a 
source for the production of Omega-3 <n-3) fatty acids. 

5 2 A process according to claim 1, wherein the marine 

■ ' eukaryotic microorganism is selected from the group 
consisting of. thraustochytrids, lower fungi, yeasts, 
and microalgae. 

3 a process, for the production of Omega-3 (n-3) fatty acid 
10 ' products from obligately or facultatively marine 

eukaryotes, comprising the steps of: 

(a) inoculating a saline culture medium containing 
• a carbon source with marine eukaryotic 
microorgansims ; 

incubating the inoculated saline culture medium 
under conditions conducive to heterotrophic 
growth of the marine eukaryotic microorganisms; 

(c) harvesting the marine eukaryotic microorganisms 
from' the saline culture medium; and 
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(d) extracting: the lipid fraction from the 

harvested marine eukaryotic microorganisms. 

.4. " A process according the claim 3, wherein the saline 
culture medium comprises seawater. 

K process according to claim 4, wherein the carbon source 
i 25 comprises glucose.. 

6 » process according to claim 4, wherein the conditions 
" conducive to heterotrophic growth comprise a pH of from 7 
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AMENDED CLAIMS PCT/US88/02483 
WO 89/00606 ed by to j^niational Bureau on 12 January 1989 (12 01.89); 

new claims 16-19 added; claims MS unchanged (3 pages)] _ 
16 A process for the"production of Omega-3 (n-3) fatty acid 
products from obligately or facultatively marine eukaryotes, 
comprising the steps of: 

(a) inoculating a saline culture medium containing a 
carbon source with marine eukaryotic microorganisms ; 

(b) incubating the inoculated saline culture medium 
under conditions conducive to heterotrophic growth 
of the marine eukaryotic microorganisms; 

(c) harvesting the marine eukaryotic microorganisms from 
the saline culture medium; 

(d) extracting the lipid fraction from the harvested 
marine eukaryotic microorganisms; and 

( e) using the. lipid fraction to produce a nutritional 
additive to human diets. 

17 A process for the production of Omega-3 (n-3) fatty acid 
products from obligately or facultatively marine eukaryotes, 
comprising the steps of: 

(a) inoculating a saline culture medium containing a. 
carbon source with marine eukaryotic microorganisms; 

( b) incubating, the inoculated saline culture medium 
under conditions conducive to heterotrophic growth 
of. the marine eukaryotic microorganisms; 

(c) harvesting the marine eukaryotic microorganisms from 
the saline culture medium; 



d) extracting the lipid fraction from the harvested. 
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of the marine eukaryotic microorganisms; 

(C) 'harvesting the marine eukaryotic microorganisms from 
the saline culture medium; 

(d , extracting the lipid fraction from the harvested 
marine eukaryotic microorganisms; and 

( e) using the lipid fraction to produce an animal feed 
additive product. 
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